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I. ABSTRUCT
/S5 /58

The pilot plant proecess iine has boen refined and streanm-
linad to produce relisble hermetically sealz2d cells with ceramic-to-
metal seals. These calls are finding increased use in satellite
applicaticus.

Continued work on the thermal aspects of sealed cells has
resulted in a laboratory study of ttermal resistances inside &
eell. A mathematical amslysis of heat flow in a cell shows that
thsre is a particular set of cell dimensions which is most unfavor-
abls from a thermal viewpoint and should be avoided in cell design.

Based on therwal and mechsnical conciderations the 50 AH
coll has been redesigned and prototype czlls are being built.

Thin plate 5AH cells have been fabricated and are being
tested. These cells are in the VO-€ HS cell container which has been
reduced in height. Electricel testing will revesl if thin plate cells

shov & significant advantage over the 35 mil plates now being used.
SectA an—



IT, CORRECTION

In the Fifth Quarterly Repocrt on this contract, in
Section II, we reported on cslls of the VO-6 HS type delivered to
NASA Goddard. It would appear that thesa calls were delivamd-\mdor
Contract NAS 5-809, but actually 11C cells were procured under a
separate order NAS 5-1583.



I13i. PILOT FACKLITY

In the Fourth Quarterly Report under this contract, a flow
sheet was depicted showing the process flow stream in the pilot plant
vhere the hermetically sealed cells sre produced.

As a result of operating the pilot line for several months,
several modifications in the process have been found feasible, and
have been instituted. A revised flow sheet is shown im Figure 1.

As before, complete inspection at all stages of manufacture
continues to be stressed.

During the past quarter, progress has been made in convert-
ing the VO-6 RS design to a drawn can. The drawing dies have been
fabricated, and initial samples have baen delivered. Some .m‘:'difi.ca-=
tions to the tool are still required to produce a perfectly smooth
can wvithin the required tolerances. It is expected that the drawn

can will soon be available for V0-6 1S cell production.



I1I. PILOT FACILITY

In the Fourth Quarterly Reaport under this contract, a flow
sheet was depicted showing the process flow stream in the pilot plant
where the herneticauy sealed cells a&re produced.

As 2 result of operating the pilot line for several wonths,
several modifications in the process heve been found feasible, aund
have been instituted. A revised flow sheet is shown in Figure 1.

As before, complete inspection at all stages of mamufacture
continues to be stressed.

During the past quarter, progress has been made in convert-
ing the VO-6 HS design to & drawn cau. The dvawing dies have been
fabricated, and initial samples have been delivered. Some Mificac
tions to the tocl are still required to produce a perfectly smooth
can within the required tolerances. It is expected that the drewn

can will soon be aveilable for VO-6 lS cell production.
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Iv. THERMAL ARALYSIS

A. THERMAL RESISTARCE

It wvas noted from previcua data that tha mean skin
temperature on ell six sides of a c2ll were identical at a specific
envirommental condition and overehsvge rats. This eaused the tempersture
difference from the canter of the esll to ths skin to be the same
in sall three directions. Ain experimantal investigation was under-
taken to determine the megritude of the therzal resistance in the
thres directions. Thls was aceomplished by placing a known heat
source on one face of the cell and insulating it and four other faces
80 that the flow of heat wculd be unidimensional. The thermal gradient
in the direction of heat flow was mensured which anabled one to
determine the thermml resistance in one direction. The same procedure
wvas followed to determine the therma!. resistance in the other two
directions. It was found that the thermal resistances in thes x, ¥y,

-0, . ) )
and g directions are 0.37T HR F , L.I75 3R I , ant 2.22 HR F

regpectively. It was also found thai the x:sia'bance vas such as to
produce an identical temperature diffarential along eech of the three
axes of the cells. |
In a further irnvestigation it was found that a minimum of
( -%'-Ea) existed in vhich the worst possivle dimensicns are cbtained.
Within practical weans, consistent with curren’; manufecture practice,
this configuration is to Le avolded. It ¢an be seen from this that the
flat cells offer much less thermal esisisance than do the squat cells.
This information will aid the battery ranufacturer in not only designing

a cell for electrical eharasteristics, but elsc for tkrermal considerations.
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7.

Since THe TEMPERATURE FoTewmiaL b ALL THREE MuTuALLY
PerPenDICULAR DirecTions 1® Tue OAmE. (AT, KTy = ATy ;
R Ex=Ey --E,z) We Can DiMuLATE The WeaT Flow
Phenomenon By AN EQUIVALENT ELecTRICAL ClRCUIT.

@ Rx R% R%

To GET AN EQuivALENT RESISTANMCE

n————

- Ry Ry + Rx th,-i'nxpus,_

L +.‘_.\.-‘.—. =
Ruk Rx R‘a R’b‘ RXR%R?
1 . ReRpxiwy Y RaWo gy * oBgere®
R"ub’ e S

KXKAG K’a’ x!\%'l,gl

L - 4 - d
. R:Lchz Kx Kné K’? ’“3'3 l;Ka'K?xa+KxK'b"az+ kanag_'i
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The System Ogeys The EQuUATION AND HAS
THE FollowinG ExUpTioNn of RESTRAINT

°
e o V = ConsT = K\&’z

WE CAV Uze THE METHOD of Lacrance To
OBTA THE MAXIMUM or MinimuMm AND LATER
TEST Te SEE WHICKR WE HAVE,

We MusT DIFFERENT|ATE THE MAW FuncTiow Anp
THE ReTRAINING EQUATION, SeT Them BoTh EQuaL To
Zero, MULTIPLY THE DIFFEREMTIATED ResTraming Equdlis
By A LASRANGE MULTIPLIER (A), CoLteeT ALL
TERMS  wWiTH THE SAME 'D(FFERENT(AL
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Z
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10.

® TDirFerenTiaTive KESTRANING EQUATION suD
MorTiPryive BY ()

O = ?\xadnb 4 ?\x%dmd + ?\ld'bdx

ColLecTivg ALL TeRMS WiTH TRE SAME DiFFERENTIAL
AND SETTING THEM EQUAL o ZZERO

@?\Adtb—‘Kxf% + K,\J%’ -+ Kg%.—.—.

@ XM o — V = O

We Have Four EQuUATioNs AVD For Unkwouws
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o )
ol URAY F
olLuiNG EQ on @ OR ?\ We H
AVE

N = K% %
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o % —— K K
i —K :
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e -t ﬁ“}\\ -
SUBSTITUTING /1 wTo T&UaTiop (B) We Heve

oR‘?i"‘\/_EL:;\

We Now HAE ThReE EQUATIoNs THREE UNKNowws.

Yy =g
?r—-&x
@D  xyy =V
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o INBRSTITUTG EQuaTions (@ AN D @} WTo E@UQ§W(@

% (‘%‘) («D\x) =/

| . €
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@ sugsSTITUTING FoR X N EQUATION

4= J3e V"

SUBSTITUTING FoR X W  EQUATION

3 = 5/6&‘ \/%
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V. 50 AH HERMETICALLY SEALED CELL DESIGN

The 50 AH cell design, as outlined in the last report was
considered too thick to be practical. There are two considerations
which prompted this decision; the firxst being the size of the case
side, which would be difficult to support in a battery configuration;
the second being the consideration of heat transfer from withim the
cell.

A plate having dimensions of 4.6 inches wide x 4.5 inches
high in the active area has a theoretical positive capacity of 3.76 AH
per plate. With 15 positive elactrodes, the theoretical capacity will
be 56.4 AH, which allowing for all variatiom, should give e conserva-
tive 50 AH capacity cell.

The dimensions of a cell using this configuration with a com-
pact composit terminal would have the fcllowing outside dimensions as
shown in Figure 2.

Thickness 1.29 inches
Wideh 4.81 inches
Height (over case) 5.64 inches
Cell V = 34.8 in.3
Cube root of Cell V = 3.26 in.
From the heat trsnsfer analysis of the‘preceeding section,

the critical dimensions t¢ be gvoided are as follows:

Thickness of Cell X = ,602 = 1/3 = ,602 x 3.26 = 1,96 inches
Width of Cell Y = 1.028 x Vll3 = 1,028 x 3.26 = 3,35 inches
173

Height of Cell Z = 1,62V = 1,62 x 3.26 = 5.28 inches

16.



17.

As seen from the above figures, the only dimension approach-
ing the critical dimension is the height, the others are decidedly on
the favorable side.

The thickness of the cell is close to the maximum considered
practical for unsupported cell sides in & cell of this size. With
cell walls of .0319 stock, a maximum cell thickness should be in the
order of 1-1/4 inches. This cell is within 0.036 inch of this figure
and is considered practical.

A design for a terminal which will be suitable for both
solder type and threaded type connection is being considered. Electri-~
cally, the soldered type connector is still comsidered best, but the
demand for threaded comnections for testing purposes is becoming
stronger 80 that a combination terminal is a possibility.

Prototype comstruction of this cell will be started during

the next reporting period.
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V1. ZHIN FLATE CULLS

The presently manufactured'hermetically sealed nickel-cadmium
cells utilize electrodes having a thickmess of 0.035 inch. Thin nega-
tive and positive electrodes have been prepared which are 0.025 inch
and 0,027 inch respectively. The porosity of these elactrodes in the
dry discharged state 18 217 as compared to 17% for the standard thick-
ness. The increased porosity is expected to result in an increased
coefficient of utilization for the active material.

8ix cells have been assembled using the thin plates in a
construction similar to that of the VO~6 HS cell. The VO-6 HS can
has been used, but the overall height is 0.25 inch less. The cells
contain 11 positive and 12 negative plates, and the separator is non
woven nylon. The capacity of these cells has bHeen calculated to be,
conservatively 4.7 ampere hours, based on considerations which origim-
ally called for & 5 ampere hour rating for the V0-6 HS cells.

The amount of electrolyte for the cell to function as a her-
metically sealed cell has been calculated to bz 13.5 ml based on por-
osity measuremants for the plates and separator. Sufficient electro-
lyte is sdded to completely flood both the plates and the separator
between them.

In standard practice, sealed cells are tank formed flooded
before assembly to build up their workimg capacity. Because of the
increased porosity of the thin plates, they sra being formed as lim~
ited electrolyte cells in the finel can. This simplifies the fabri-
cation process.

The six cells have been assembled and are going on to test.

Results will be reported at the end of the next quarter.

18'



Vil, COECLUSIONS

1. PILOT FACILITY

The processing stream for cells in the pilot plant has been
improved and a new process flow sheet is ineluded .inthisrapmo
| Drawn cans for the VO-6 HS cslls have been made and with some minor
refinements in the tools this size cell will be avallable in a
seanless containar.

2. THERMAL ABAIFSYS

Experimental measurements have substantiated that thermml
resistances along each cell axis, although different, are of such
value as to produce an identical temperature differential along each
axis. It has been established that thermal ccnsiderations should
be carefully evaluated in cell design. A satisfactory thexrmal design
oan be checked mathewatically by using the design erfteria wbich have
been derived.

3. 20 AH CELLS AND THIN PLATE CELLS

Both the large size cells and thin plate cells have been
designed and are being bullt. The thin plate cells are complated.
Electrical and mechanical avaluation of ihese cell designs have been
initiated.

19.



1.
2.
3.
k.

VIII. PROGRAM FOR REXT PERIOD

The main items of effort for the next period will includs:

Fabricate and test the 50 AH cells.
Test and evaluate the thin plate cells.

Complete the pilot line to produce hermetically sealed cells,
Perfect the drawn can for the V0-6 HS container.

In addition to the above main items, consideration will

be given to the following:

1.
2.

3-

Means to monitor cell pressure in multicell battery packages.
High temperature chargs efficiency.
Iow temperature charge methods.
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